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Abstract
Purpose Sleep-disordered breathing (SDB) is a prevalent dis-
order with a major impact in women, especially postmeno-
pausal women. However, few studies have investigated the
prevalence of a specific SDB, snoring, among women espe-
cially those with menopausal syndrome.
Methods Computer-assisted telephone interviews were con-
ducted in Taiwan. Adults over 20 years of age were
interviewed. The number of successful interviews was calcu-
lated based on the population prior to the study. Demographic
data and information about snoring, menopausal syndrome,
and medical conditions were obtained.
Results In total, 3624 adults, 1473 males and 2151 females,
completed the interviews. Both men and women shows an
increase in snoring until age 50 to 59 years, followed by a
decline in snoring that is less steep among women. The prev-
alence of snoring increased significantly in females after age
50 years, which is the mean menopausal age in our country
(p < 0.05). After adjusting for age, bodymass index, and other
major diseases, the percentage of women with snoring was
significantly higher among those with menopausal syndrome
than those without menopausal syndrome (p = 0.021, odds
ratio = 1.629).
Conclusions This population-based study revealed different
snoring percentages among men and women and diminishing
differences in the older population. Additionally, the percent-
age of women with snoring was increased among those wom-
en who were older than 50 years and those with menopausal
syndrome.
Keywords Snore . Gender .Women .Menopausal
syndrome . Hypertension
Introduction
Sleep-disordered breathing (SDB) is a prevalent disorder as-
sociated with daytime sleepiness, decreased ability to concen-
trate, and increased vascular events, such as hypertension,
heart attack, and stroke [1]. Snoring can be a symptom of
obstructive sleep apnea (OSA), which is the most severe form
of SDB, and may be a precursor to OSA [2]. The presence of
snoring implies an elevated upper airway resistance with lim-
ited inspiratory flow [3]. Such episodes of flow limitation are
frequently terminated by an arousal (i.e., respiratory effort-
related arousals), which leads to OSA. Early studies have
shown that even trivial snoring may be the first step in a
continuum leading to a full-blown OSA syndrome [4].
Although snoring is not synonymous with SDB, isolated stud-
ies imply that snoring may be a risk factor for certain medical
conditions [5].
Menopause defines the period in a woman’s life whenmen-
struation stops and the body goes through changes that no
longer allow pregnancy [6]. Menopausal syndrome has many
symptoms, including hot flashes, night sweats, vaginal dry-
ness, palpitations, headaches, insomnia, lack of energy, and
depression [7]. One of the most common symptoms, hot
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flashes, is related to the changing hormone levels [8]. The
exact etiology and pathogenesis of hot flashes have not yet
been fully understood, but it may be due to a change in the
ability of the hypothalamus to regulate body temperature [9].
Literature already exists about the increase in snoring and
SDB among menopausal women [10–14]. However, few data
have been published about the relationship between snoring
and menopausal syndrome. The aim of this population-based
study was to clarify the gender difference of snore distribution




Adults over 20 years of age currently residing in Taiwan were
eligible for this study. The number of people to be interviewed
was calculated according to the estimated prevalence in pre-
vious reports and the population distributions in each county
[15]. From October 25, 2006, to November 6, 2006, 11,649
individuals selected randomly from Taiwan’s national tele-
phone directory were contacted using a computer-assisted
telephone interviewing system (CATI) [16]. A total of 3862
(33.2%) people refused to be interviewed for any reason, and
4163 (35.7%) people did not complete the interview due to
age less than 20 years, language barriers, communication dif-
ficulties, and poor telephone/cell phone quality. In total, 3624
(31.1%) people successfully completed the interview during
the investigational period.
Operation of CATI
The CATI system is a well-established method of conducting
telephone-based interviews with the assistance of a computer.
This popular methodology involves a telephone interviewer
reading from a computer-based question and typing in the
answers as they are reported. Participants were interviewed
by 40 well-trained telephone investigators. The precise oper-
ation of CATI in the current study is similar to another
population-based study [17]. Individual telephone numbers
were selected randomly from Taiwan’s national telephone di-
rectory and were dialed digitally. Oral informed consent was
obtained before starting the procedure, and the study was ap-
proved by the Institutional Review Board of Chang Gung
Memorial Hospital.
Questions on the CATI
Questions at the prompts during the telephone interview ob-
tained data on snoring, menopausal syndrome, major medical
conditions, and demographic information. Participants were
asked, BDo you or your family members hear you snore when
you sleep?^ and (for women) BDo you have symptoms of
menopause syndrome such as hot flashes?^ Other questions
addressed major medical conditions in the past year, such as
hypertension (defined as a self-reported diagnosis of hyper-
tension made by a physician or an individual under treatment
for hypertension), cardiovascular disease (defined by self-
reported angina or myocardial infarction/heart attack), diabe-
tes mellitus, arthritis, respiratory disease (e.g., chronic bron-
chitis, asthma, emphysema), anemia, and mental illness (e.g.,
depression or manic-depressive disorder). Demographic data,
such as age, gender, weight, height, and body mass index
(BMI), were obtained.
Statistical analysis
The chi-squared test was applied to compare categorical data
and independent samples. T tests were applied to compare the
mean values of the two groups. Multivariate logistic regres-
sion was used to test the relationship and determine the odds
ratio of snoring with age, BMI, major medical conditions, and
menopausal syndrome. Data were presented as mean ± SD.
All statistical tests utilized the SPSS software (SPSS Institute,
NY, USA), and a value of p < 0.05 considered statistically
significant.
Results
Figure 1 shows the distribution of snoring among different age
groups of men and women. A trend toward increased snoring
was observed in men and women until the age group of 50 to
59 years. The proportion of both men and women who snore
decreases after age 59, but the women experience a less steep
decline compared to the men. The proportion of men and
women who snore remains statistically significant in each
age group up to age 50 to 59 years; however, the statistical
significance disappears in the older age groups (p = 0.065 and
p = 0.155 for ages 60 to 69 and ≥70 years, respectively).
The studied population was divided at age 50 years, which
is the mean menopausal age in our country [18]. The propor-
tion of snoring was equal in men before and after the age of
50. However, among women, the proportion of snoring in-
creases with statistical significance after the age of 50
(p < 0.0001, Fig. 2).
To see the relationship between menopausal syndrome
and snoring, the group of women 50 to 59 years of age,
which is the highest prevalence of menopausal syndrome
and also the peak snoring among our female population,
was selected for further analysis. Table 1 demonstrates the
characteristics of the female population between 50 and
59 years of age (n = 550). Among them, 170 women
(31%) had menopausal syndrome. The mean age and BMI
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between women with menopausal syndrome and those with-
out menopausal syndrome were not statistically different. The
presence of cardiovascular disease and anemia were statisti-
cally significant (p < 0.001 and p < 0.008, respectively). The
proportion of women with snoring was higher and statistical
significant among women with menopausal syndrome
(p = 0.016; Table 1).
Amultivariate logistic regressionmodel adjusted for age, BMI,
and major medical conditions was utilized to determine the odds
ratio for various factors associated with snoring (Table 2). After
adjusting for the aforementioned variables, menopausal syndrome
was identified as a significant risk factor for snoring (p = 0.021;
odds ratio = 1.629). Individuals with a higher BMI and
hypertension were also more likely to snore (p < 0.001; odds
ratio = 1.141 and p = 0.027; odds ratio = 1.784, respectively).
Discussion
This population-based study investigated the distribution of snor-
ing across the age ranges among adult residents in Taiwan by
CATI. We found a different distribution of snoring among men
and women; however, the proportion of men and women who
snored peaked at 50 to 59 years of age. Females experienced a
less steep drop in snoring than men beyond 59 years of age. It
has been fairly well established that the prevalence of sleep ap-
nea increases with age in both sexes. The prevalence of sleep
apnea peaks in clinical populations around 55 years for men and
65 years for women [10]. Our data showed the same trend;
Table 1 Characteristics of women 50 to 59 years of age with/without
menopausal syndrome
Menopausal syndrome
With (n = 170) Without (n = 380) p value
Age (yr) 53.7 ± 2.5 53.7 ± 2.9 0.959
BMI (kg/m2) 23.4 ± 3.2 23.7 ± 3.2 0.402
Snore 108 (63.5%) 196 (51.6%) 0.016
Hypertension 25 (14.5%) 76 (20.0%) 0.153
Cardiovascular disease 28 (16.3%) 14 (3.7%) <0.001
Diabetes mellitus 10 (5.8%) 26 (6.8%) 0.714
Arthritis 35 (20.3%) 56 (14.7%) 0.105
Respiratory disease 18 (10.5%) 22 (5.8%) 0.075
Anemia 43 (25.0%) 59 (15.5%) 0.008
Mental illness 9 (5.2%) 17 (4.5%) 0.672
BMI body mass index
§: p < 0.0001




Fig. 1 The distribution of
snoring among different age
groups in men and women. The
proportion of men and women
remains statistically significant in
each age group up to age 50 to
59 years; however, the statistical




§: p < 0.0001
Fig. 2 The prevalence of snoring in men andwomen before and after age
of 50. The proportion of snoring was equal in men before and after the age
of 50. However, among women, the proportion of snoring increases with
statistical significance after the age of 50 (p < 0.0001)
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however, women did not show a later peak in snoring as the
previous study suggested. This finding may be explained by
the different ethnic groups and/or different targets, such as snor-
ing or sleep apnea, that were studied.
Our data revealed a generally lower snoring prevalence in
the female population compared to male population for all age
groups; however, the difference was less significant in older age
groups. The role that estrogen plays in SDB is an ongoing area
of research. Menopause normally occurs in women between
ages 45 and 55 [6]. Increases in SDB, including snoring and
sleep apnea, have been observed in postmenopausal women
[10–14]. Increasing central obesity from the drop in estrogen
associated with menopause is likely the main factor responsible
for the increased prevalence of sleep apnea in the postmeno-
pausal state [19]. In fact, SDB prevalence rates were lower in
postmenopausal women who were taking hormonal replace-
ment therapy (HRT) [11]. This increase in SDB was also doc-
umented in other Asian countries [20]. The prevalence of snor-
ing has been reported as higher in postmenopausal women and
women with irregular menstruation within the Chinese popula-
tion [21]. Our data supported the same result with an increased
snoring proportion of women older than 50 years old, which is
the mean menopausal age in our country [18].
Sleep disturbances from menopause are associated with hot
flashes, mood disorders, and increased SDB [7, 8]. Hot flashes
(defined as feelings of intense heat over the trunk and face, flush-
ing of the skin, and sweating) occur in 50 to 80% of menopausal
women as a result of the decrease in ovarian hormones [22]. An
increase in pulsatile release of gonadotropin-releasing hormone
from the hypothalamus is believed to trigger the hot flashes by
affecting the adjacent temperature-regulating area of the brain
[9]. It is generally believed that when hot flashes occur at night,
the resultant sweating and insomnia lead to fatigue the following
day. However, Freedman and Roehrs mentioned that hot flashes
did not lead to sleep disturbances in symptomatic menopausal
women and concluded that previous reports of increased sleep
disturbance at menopause may be due to other sleep disorders
such as sleep apnea [23]. Also, another study conducted with
polysomnography showed that menopausal women with hot
flashes experienced more restless leg complaints [13]. Our data
supported the previous finding and demonstrated an increase in
the proportion of women who snored among those with the
menopausal syndrome, independent of either age or BMI.
The precise role of estrogen in the pathogenesis of meno-
pausal symptom is not quite clear. Although endogenous estro-
gen levels do not differ substantially between postmenopausal
women who have hot flashes and those who do not have them,
the use of HRTwith estrogen has been documented tomarkedly
improve hot flashes [24]. Low levels of female sex hormones,
including estradiol and progesterone, are associated with an
increased probability for SDB in women, and even estrogen
monotherapy was associated with a significant reduction in
OSA severity [25]. As previous reports have indicated, sex
hormones can alter respiratory control through several nuclei
and receptors in the carotid body and brain stem, and proges-
terone levels have been reported to affect pharyngeal dilator
muscle activity [26, 27]. Thus, the possible mechanism related
to the increased snoring among women with menopausal syn-
drome may be explained by sex hormone deficiencies.
Women at high risk for SDB also more frequently reported
arterial hypertension or heart disease compared to women at low
risk for SDB, indicating a possible relationship between SDB
and cardiovascular morbidity [28]. A population-based study
reported that HRT with progestin and estrogen was effective in
lowering blood pressure in hypertensivewomenwithmenopaus-
al syndrome [29]. Our study also identified that women with
menopausal syndrome not only experienced an increase in snor-
ing but were also more likely to have hypertension, which may
not be related to age or other medical conditions.
Our study demonstrated the increased prevalence of snoring
among women with menopausal syndrome. However, some lim-
itations should be mentioned. First, data about the utilization of
HRT were not collected. Although the HRT prescription rate is
less than 7% in our country, the lack ofHRTdatamay cause some
misinterpretations in our result [30]. Additionally, the question
about snoring in CATI was not specific enough to gather infor-
mation solely about the habitual snorer, which is the key symp-
tom of obstructive sleep apnea. We suggest polysomnography be
conducted to more accurately document SDB in women with
menopausal syndrome. Finally, not high CATI response rate
was noted in our study, although the number of people to be
interviewed was calculated according to the estimated prevalence
in previous reports and the population distributions in each county
of Taiwan, around 30% CATI response rate was accepted for
other study especially those nationwide survey [31].
In conclusion, this population-based study revealed different
proportions of men and women who snored across difference
age distributions; however, these numbers narrowed in the older
aged populations. After adjusting for age, BMI, and other
Table 2 Adjusted odds ratio for the factors associated with snoring
among women aged 50 to 59 years
p value Odds ratio 95% Confidence interval
Menopausal syndrome 0.021 1.629 (1.077, 2.465)
Age 0.769 0.990 (0.925, 1.059)
BMI <0.001 1.141 (1.069, 1.217)
Hypertension 0.027 1.784 (1.067, 2.983)
Cardiovascular disease 0.750 1.138 (0.514, 2.520)
Diabetes mellitus 0.979 0.989 (0.449, 2.178)
Arthritis 0.258 1.362 (0.797, 2.329)
Respiratory disease 0.922 0.962 (0.441, 2.097)
Anemia 0.081 1.555 (0.948, 2.550)
Mental illness 0.769 0.990 (0.925, 1.059)
BMI body mass index
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medical conditions, the proportion of women with snoring was
increased among those women with menopausal syndrome.
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